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Abstract: In the presence of carbon monoxide, the 
palladium/phenanthroline system catalyzes the C-H amination of 
thiophene rings by the nitroalkene moiety directly attached to the S-
heterocyclic ring. An optimization of the ligand and reaction 
conditions allowed synthesizing a series of thienopyrroles aryl/alkyl 
substituted either in position 2 or 3 of the pyrrole ring. Using low 
pressures of carbon monoxide (5 bars) high yields of the fused 
bicyclic compounds have been obtained (up to 98 % yield). 
Introduction 
Bicyclic pyrrolo-fused aromatic or heteroaromatic rings are 
important compounds because of their potential biological 
activity. Among the others, thienopyrroles have unique electronic 
properties and their pharmaceutical applications are constantly 
increasing even if their chemistry is underdeveloped with respect 
to their bioisosteric indole analogues. For instance 
thienopyrroles were found biologically active as glycogen 
phosphorylase inhibitors,[1] antiviral agents,[2] modulators of lipid 
storage,[3] inhibitors of cell releasing tumor necrosis factor,[4] 
cannabinoid receptor antagonists,[5] CRTH2 modulators,[6] ITK 
inhibitors[7] and histone demethylase inhibitors.[8] In addition, 
they also have characteristic photophysical properties that make 
them of interest for the preparation of organic electroluminescent 
devices,[9] as photosensitizers in photodynamic therapy,[10] in 
photovoltaic cells[11] and in the synthesis of conducting polymeric 
materials.[12] The limited number of thienopyrroles syntheses, 
and the laborious nature[13] of most of them are probably the 
main reasons for which the chemistry of thienopyrroles is not as 
studied as that of indoles. In addition, thienopyrrole are less 
stable then indoles. Thus, most of the classical syntheses of 
indole derivatives are not applicable to their preparation. Some 
synthetic alternatives have been reported in the literature, but 
they often require several steps.[14] One of the most interesting 
methods is the palladium catalyzed reductive cyclization of 3-
alkenyl-2-nitrothiophenes.[15] In spite of the mild conditions and 
the good yields obtained, the major limitation of this method is 
the requirement for a prefunctionalized thiophene with two 
suitable adjacent functional groups in the 2 and 3 positions. The 
preparation of these starting materials often requires several 
synthetic steps. 
Recently our group reported a procedure for the synthesis of 2- 
and 3-alkyl and aryl-substituted indoles from -nitrostyrenes 
catalyzed by palladium and phenanthroline complexes.[16],[17] In 
this reaction, the starting materials are easily synthesizable from 
carbonyl compounds and nitroalkenes by a nitroaldol 
condensation (Henry reaction). Owing to our interest in the 
synthesis of indoles and related compounds,[18] we herein 
present a method for the synthesis of thienopyrroles from 
thienyl-substituted nitroalkenes (Scheme 1). As for other 
nitroarene reductions by CO,[18d] the only stoichiometric 
byproduct is CO2. 
 
Scheme 1. Synthesis of thienopyrroles from thienyl-β-nitro alkenes. 
 
Results and Discussion 
As stated above, the strength of this method is sited in the 
straightforward synthesis of the substrates. All the aldehyde-
derived compounds can be synthesized by a Henry reaction 
between a thiophenecarboxaldehyde and a nitroalkane (Scheme 
2A). For the olefins with a substituent in the  position, a 
procedure was developed by combining for the first time two 
reactions adapted from the literature (Scheme 2B). The first is 
the synthesis of primary ketoimines from a nitrile and a Grignard 
reagent; in this case thienylmagnesium bromide. The second is 
the condensation of the obtained ketoimine with nitromethane. 
The use of a ketoimine formally derived from ammonia as an 
activated form of the generally unreactive ketones in the Henry 
condensation was reported in the literature only for the 
commercially available benzophenoneimine. 
Our initial investigations were done using the cyclization of (E)-
2-(2-nitropropenyl)thiophene (1a) to thieno[3,2-b]pyrrole (2a) as 
a model reaction. Based on our previous work on the cyclization 
of -nitrostyrenes to indoles, we employed 1 mol% of 
[Pd(Phen)2][BF4] as pre-catalyst using CH3CN as solvent in the 
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presence of a 16 fold excess of phenanthroline and with Et3N as 
additive. From the first run, it was evident that the sulfur-
containing substrate is less reactive than the corresponding -
nitrostyrene (conversion: 77 %, thienopyrrole selectivity: 35%). 
The substrate amount was thus halved and an extensive 
optimization of the catalytic system was started. 
 
Scheme 2. Synthesis of thienyl substituted nitroalkenes. 
We first investigated the use of differently substituted 
phenanthrolines (Table 1), because we have recently shown that 
the ligand structure can strongly affect the activity of the catalytic 
system in the related reductive carbonylation of nitroarenes.[19] 
Phosphorus ligands were not tested because in the presence of 
-NO2 groups they can be oxidized leading to catalyst 
deactivation.[20] 
Unsubstituted 1,10-phenanthroline (Phen) gave a good catalytic 
activity but moderate selectivity for the bicyclic product. Electron 
poor ligands (L5, L10 and L12) gave low catalytic activities. 
According to the reaction mechanism previously proposed by us 
for the related cyclization reaction of β-nitrostyrenes to give 
indoles, the formation of a radical anion by a single-electron 
transfer from the metal to the nitro group should be the first step 
of the catalytic cycle. Thus, it is not unexpected that a lower 
electron density on the metal leads to a reduced reaction rate. In 
addition, during the catalytic reaction, the nitro group on L12 
may be reduced to -NO or -NH2, leading to a ligand with different 
electronic properties and the C-Cl bond on L5 and L10 could be 
subjected to oxidative addition to the metal center.  
In general, we observed that the activity and the selectivity 
towards 2a of the catalyst increases with an increase in the 
electron donor properties of the substituents in position 4 and 7 
of the phenanthroline. Steric hindrance next to nitrogen atom 
leads to low activity and selectivity (entries 14 and 16). 4,7-
Dimethoxyphenanthroline, L7, was identified as the best ligand 
(entry 8). The reaction was complete after only 3h affording the 
bicyclic product 1a in 83 % GC yield. Substitution of the 
phenanthroline skeleton with even more strongly electron 
releasing amino groups leads to a drop of the catalyst 
performance (entries 4-5 and 9-10). Unlike the case of the 
carbonylation of nitroarenes to carbamates, no advantage was 
noticed in the use of non-symmetric ligand with respect to their 
symmetrical counterparts. For the latter reaction, the positive 
effect of non-symmetric phenanthrolines is connected to the 
formation of anilines as intermediates,[21] supporting the view 
that amines are not intermediates in the class of cyclization 
reactions here investigated.[22]  
 
Table 1.  Influence of the ligand on the palladium catalyzed reductive 
cyclization of (E)-2-(2-nitropropenyl)thiophene (1a) to 5-methyl-4H-thieno[3,2-
b]pyrrole (2a).[a] 
  
 
Entry Ligand Conversion %[b] Selectivity %[b] 
1 Phen 95 57 
2 L1 100 66 
3 L2 100 69 
4 L3 98 65 
5 L4 68 55 
6 L5 75 60 
7 L6 96 62 
8 L7 100 83 
9 L8 50 47 
10 L9 40 40 
11 L10 34 50 
12 L11 4 49 
13 L12 27 35 
14 L13 19 43 
15 L14 93 62 
16 L15 95 42 
[a] Reaction conditions: 1a (0.5 mmol), [Pd(Phen)2][BF4]2 (0.01 mmol), CH3CN 
(15 mL), Et3N (400 μl, 2.9 mmol), 150 °C, PCO = 5 bar, 3h. Molar ratio 
1a/ligand/Pd = 50:8:1. [b] Determined by GC analysis using naphthalene as an 
internal standard. 
 
In order to further increase the selectivity of the system we 
optimized the reaction parameters on the cyclization of the 
model substrate using L7 as ligand.  
As shown in Table 2, even if the addition of a base is not 
necessary, it enhances the selectivity and the activity of the 
catalytic system. Inorganic (entries 7-8) and strong organic 
bases (entries 5-6), reduce significantly the selectivity towards 
the cyclized product. 4-Dimethylaminopyridine (DMAP) led to the 
highest selectivity, but its cost, toxicity[23] and the difficulty in 
separating it from the product makes its use less convenient. As 
in our previous work on the cyclization of -nitrostyrenes,[16] Et3N 
was the base of choice. However, in contrast to our previous 
experience, the effect was moderate and did not affect the 
activity of the system but only the selectivity (compare entries 1, 
4, 9 and 10). An increase in the CO pressure has little effect on 
the activity of the system, but negatively affects the selectivity 
(entries 9, 11, 12; for full experimental data see SI). 
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Table 2. Optimization of the reaction condition for the palladium catalyzed 
reductive cyclization of (E)-2-(2-nitropropenyl)thiophene (1a) to 5-methyl-4H-
thieno[3,2-b]pyrrole (2a).[a]  
Entry Solvent Base PCO (bar) Conv. %[b] Sel. %[b] 
1 CH3CN - 5 94 73 
2 CH3CN Pyridine 5 97 76 
3 CH3CN DMAP 5 93 86 
4 CH3CN Et3N 5 >99 77 
5 CH3CN DABCO 5 82 63 
6 CH3CN KOtBu  5 100 ˂1 
7 CH3CN K2CO3 5 100 12 
8 CH3CN Na2HPO4 5 68 51 
9[c] CH3CN Et3N 5 100 82d) 
10[e] CH3CN Et3N 5 100 76 
11[c] CH3CN Et3N 20 98 77 
12[c] CH3CN Et3N 10 >99 78 
13[c] CH3CN Et3N 1 50 21 
14[c] DMF Et3N 1 73 7 
15[c] DMF Et3N 5 >99 70 
16[c] DME Et3N 5 32 47 
17[c] THF Et3N 5 25 55 
18[c] Toluene Et3N 5 1 - 
19[c] MeOH Et3N 5 81 13 
20[c, f] CH3CN Et3N 5 100 79 
21[c, g] CH3CN Et3N 5 >99 76 
22[c, h] CH3CN Et3N 5 32 50 
[a] Reaction conditions: 1a (0.5 mmol), [Pd(Phen)2][BF4]2 (0.01 mmol), 
CH3CN (15 mL), base (1.4 mmol), 150 °C, 5 bar, 3h. Molar ratio 1a/L7/Pd = 
50:8:1. [b] Determined by GC analysis using naphthalene as an internal 
standard. [c] Et3N (400 μl, 2.9 mmol). [d] Isolated yield. [e] Et3N (500 μl, 3.6 
mmol). [f] 160 °C. [g] 140 °C. [h] 100 °C. 
 
The maximum activity and selectivity was reached at 5 bar of 
carbon monoxide. At 1 bar a drop of the catalytic system 
performance was noticed (entry 13). To rule out the possibility 
that the result was misled by the solvent evaporation at 1 bar of 
CO pressure, a reaction using DMF as the solvent was 
performed in order to avoid the boiling of the solvent (entry 14), 
but no improvement was noticed. In general, polar solvents such 
as acetonitrile or DMF gave the best results while the use of 
nonpolar solvent, such as toluene, led to a non-active system. 
This is again in accord with proposed activation of the nitro 
compound by an electron transfer. Indeed, non-polar solvents 
destabilize charged intermediates and slow down the reaction. 
The effect of solvent polarity on the activation of nitroarenes by 
Ru(CO)3(DPPE) (DPPE = 1,2-bis(diphenylphosphino)ethane) 
had been earlier evidenced.[24] The use of a polar protic solvent, 
MeOH (entry 19), afforded a good conversion but a very poor 
selectivity to the thienopyrrole. Ethers (THF, DME, entries 16-
17), though polar and aprotic, slow down the catalytic reaction 
with respect to the more polar acetonitrile and afford moderate 
selectivities. 
The effect of the temperature was then investigated performing 
a series of reactions at temperatures ranging from 100 to 160 °C 
(Table 2 and Table S2). At low temperature, the performances of 
the catalytic system are poor (conv. 32 % and sel. 50 % at 
100 °C). The activity strongly increases with an increase in the 
temperature, and complete conversion is reached at 140 °C 
(entry 21). The maximum selectivity is obtained at 150 °C above 
which the yield starts to decrease (entry 22). Under the best 
conditions, an 82 % isolated yield of 1a could be obtained (entry 
9). 
Some of the byproducts of the reaction were identified by GC-
MS. The little amount and the instability of some of them 
prevented their isolation and thus their quantification. Pathways 
for their formation are reported in Scheme 3. Analogue side 
reactions were identified also during our previous work on the 
cyclization of -nitrostyrenes to indoles.[16] The formation of 3-7 
involves the presence of water and is almost completely 
suppressed working with anhydrous reagents and solvents, 
however trace amounts were detected even under these 
conditions.  Compound 8 and 9 are the major side products 
under the optimized conditions. Together with them, trace 
amounts of other higher molecular weight unidentified 
compounds were detected. When the selectivity is very low (see 
table 1-2), extensive polymerization either of the starting 
material or of the product cannot be excluded. 
Scheme 3. Pathways for side products formation for substrate 1a. 
By analogy with the mechanism that we previously proposed for 
the reductive cyclization of -nitrostyrenes to indoles,[16] we 
propose that the initial step of the reaction is the formation of a 
radical anion by single-electron transfer from the palladium 
complex to the nitroalkene (Scheme 4, A). Deoxygenation of 
intermediate A by CO yields the corresponding nitrosoalkene 
that cyclizes to the N-hydroxythienopyrrole C. Finally, Pd-
catalyzed reduction of C by CO affords the thienopyrrole 
(Scheme 4). 
After the identification of the optimal conditions, we examined 
the scope of the reaction (Table 3). At first, the cyclization of 2-
(2-nitrovinyl)thiophenes, 1a-f, with different substituents on the 
carbon carrying the nitro group was studied. 
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Excellent yields were obtained with aliphatic and benzylic 
substituents (Table 3, entries 1-2), but yield were only good 
when the substituent was a phenyl (entry 3). Similarly to what 
found for the cyclization of -nitrostyrenes,[16] the reaction 
afforded mainly side products when no substituent was present 
Scheme 4. Proposed reaction mechanism. 
both on the carbon bearing the nitro group and on that bearing 
the heterocycle (entry 4). When an ester group was present, 
some thienopyrrole was formed (observed by GC-MS) but the 
product mixture was too complex, preventing its isolation. The 
presence of a donor group such as methyl in position 5 of the 
thiophene ring did not affect the reactivity allowing obtaining 
excellent yields (entries 6-7). Unfortunately, the presence in the 
same position of a bromide reduces the selectivity and the 
activity of the system (entry 8). Only a 28 % yield was obtained 
even increasing the catalyst loading to 5%. 5-Bromothiophene is 
an highly reactive compound and it can give side products either 
by radical reactions (it should be recalled that the reduction of 
the nitro group involves the formation of radical species)[16] or by 
the oxidative addition of the Br-C bond to the Pd center. We 
were pleased to see that the nitroalkene carrying an alkyne on 
the thiophene ring (entry 9) cyclized with fair yield. Highly 
conjugated thienopyrroles like 2j could be interesting building 
blocks for the synthesis of conductive materials.  
Substrates in which the thiophene ring is already fused to a 
benzene ring (1k, 1l) are also converted to the corresponding 
tricyclic rings, albeit in a reduced yield, showing that the 
methodology can be used on more complex heteroaromatic 
systems. 
Remarkably, also the cyclization of 3-(2-nitrovinyl)thiophene 1m) 
took place in a very good yield (entry 12). In this case, the 
cyclization may in principle occur with activation of the C-H bond 
in the 2 or 4 position. Noteworthy, the reaction was selective for 
the 2 position. 
Driven by the importance of synthesizing a bicyclic product that 
could be relevant as a monomer for the synthesis of conducting 
polymers, we explored the possibility of cyclizing substrates 1n 
and 1o (entries 13, 14). 
 
 
Table 3. Palladium catalyzed cyclization of substituted 2- and 3-(2-
nitrovinyl)thiophenes to thienopyrroles: reaction scope and limitation[a] 
Entry Substrate Thienopyrrole Yieldb) 
 
[a] Reaction conditions: 1 (0.5 mmol), [Pd(Phen)2][BF4]2 (0.01 mmol), CH3CN 
(15 mL), Et3N (400 μl, 2.9 mmol), 150 °C, PCO = 5 bar, 3h. Molar ratio 
1a/L7/Pd = 50:8:1. [b] Isolated yield. [c] Not detected by GC-MS. [d] The 
product was detected by GC-MS but it was not possible to isolate it in a pure 
form. [e] [Pd(Phen)2][BF4]2 (0.025 mmol). [f] 3-(thiophenyl)-1H-indole was 
formed in 40% yield (total yield in cyclized products 98 %). 
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Pleasingly the two compounds gave the cyclized products in 
very good yields. When the geminal substituents on the olefin 
are different (i.e. Ph and thienyl, entry 14) the reaction occurs 
preferentially on the tiophene side, although with only a low 
selectivity (thienopyrrole / indole ratio = 6:4). The lack of 
regioselectivity can be explained by the effect of competing 
steric and electronic factors. In fact, from the electronic point of 
view, once the electrophilic nitroso intermediate is formed the 
cyclization towards the electron rich thiophene ring should be 
easier. On the other hand, the orientation of the nitro group 
favors the formation of indole by cyclization on the phenyl ring. 
Moreover, even considering that an easy rotation around the 
O2N-C=C double bond may occur after the initial electron 
transfer (see Scheme 4), still the distance between the nitrogen 
atom and carbon atom involved in the pyrrolic ring formation is 
larger in the case of the thiophene ring because of the different 
angles associated to 5 and 6 membered rings. This would also 
favor formation of indole with respect to thienopyrrole, making 
the reaction less selective.  
Finally, a half-gram scale (3 mmol) reaction was conducted on 
1a to verify the possibility of scaling up the procedure. The 
reaction was conducted using 8 bar of CO for 5 h at 150 °C, 
affording the product in 74 % isolated yield. 
Conclusions 
In summary, a new synthetic method for the preparation of 
thienopyrroles has been developed. The procedure is simple 
and employs substrates that are in most cases synthesizable in 
one step from cheap commercial reagents. Compared to the 
catalytic system previously reported by us to catalyze the 
cyclization of β-nitrostyrenes, an improved system was 
developed, based on the substitution of phenanthroline with 4,7-
dimethoxy-1,10-phenanthroline, L7, which shows a higher 
activity and is more selective towards the cyclized product. 
Noteworthy, the reaction can also be scaled up, so that the 
obtained compounds can be employed as starting materials for 
further reactions. Studies aimed at extending the applicability of 
the method to other pyrrole-containing heterocycles and further 
improving the reaction are currently ongoing in our laboratories. 
Experimental Section 
All reactions were conducted under a dinitrogen atmosphere. All the 
solvents used in catalytic reactions, were dried by distillation over CaH2 
or Na and stored under a dinitrogen atmosphere. All glassware and 
magnetic stirring bars were kept in an oven at 125 °C for at least two 
hours and let to cool under vacuum before use. 1,10-Phenanthroline 
(Phen), purchased as the hydrate, was dried over Na2SO4 after 
dissolution in CH2Cl2, followed by filtration under a dinitrogen atmosphere 
and evaporation of the solvent in vacuo. Then, it was stored under 
dinitrogen. Phenanthroline can be weighed in the air, but must be stored 
in an inert atmosphere to avoid water uptake. The same procedure was 
applied to all the ligands employed. [Pd(Phen)2][BF4]2, was synthesized 
following the procedure reported in the literature.[25] If not otherwise 
stated, all the other reagents were purchased from Aldrich or Alfa-Aesar 
and used without further purification. 1H, 13C and 2D (COSY, NOESY) 
NMR spectra were recorded on a Bruker Avance DRX 300 or on a 
Bruker Avance DRX 400, operating at 300 and 400 MHz respectively. 
Mass spectra were obtained by GC mass spectrometry (Shimadzu GC - 
17A / QP5050, equipped with SUPELCO SLB™ -5ms capillary column). 
Quantitative analyses of catalytic reactions were performed using fast 
gas-chromatography (Shimadzu GC – 2010, equipped with a SUPELCO 
EQUITY TM -5ms capillary column). 
Synthesis and characterization of substituted 
nitroalkenylthiophenes 
Nitroalkenylthiophenes substituted in the -position were prepared by the 
Henry condensation of the corresponding aldehyde and nitroalkane using 
different procedures: 
Method A. In a Schlenk flask, the aldehyde (10 mmol) and ammonium 
acetate (5 mmol) were dissolved in nitroethane (5 mL). The mixture was 
stirred at reflux for 5 hours and the conversion of the aldehyde checked 
by TLC on silica gel. The solvent was evaporated and the residue was 
taken up with methylene chloride and washed with water. The organic 
layer was dried and evaporated in vacuo. Finally, purification over a short 
silica column with EtOAc/hexane as eluent afforded the nitroalkene.[26] 
Method B. A solution of nitroethane (1.6 mL, 22.4 mmol) or 
(nitropropane), n-butylamine (0.9 mL, 9.1 mmol) and the aldehyde (7.9 
mmol) in glacial acetic acid (4 mL) was heated at 80 °C for 2h. The crude 
product that separated on cooling was collected by filtration, 
recrystallized from methanol and finally purified using a short column of 
silica.[27]  
Method C. A mixture of ethyl nitroacetate (2,0 g, 15 mmol), aldehyde (10 
mmol), a catalytic amount of phenylalanine (0.03 g) and 1 mL of glacial 
acetic acid in 10 mL of anhydrous benzene was refluxed for 2 h under 
Dean-Stark conditions. After cooling, the reaction mixture was washed 
with a saturated aqueous solution of sodium chloride and dried over 
anhydrous sodium sulfate. The solvent was then removed with a rotary 
evaporator and the residue washed with ethanol.[28]  
Method D. Aldehyde (10 mmol), nitroalkane (60 mmol) and piperidine (1 
mmol) were added sequentially to a round-bottomed flask containing 
toluene. Ferric chloride (1 mmol) was added, and the mixture was slowly 
heated to reflux. The progress of the reaction was monitored by TLC on 
silica gel. After completion of the reaction, the mixture was cooled to 
room temperature, the excess solvent was removed under reduced 
pressure and the residue was purified by column chromatography on 
silica gel to afford the nitroalkene product as a yellow solid.[29] 
Method E. Methanol (5 mL), phenylnitromethane (11 mmol), 
methylamine hydrochloride (1 mmol), sodium hydrogen carbonate (0.2 
mmol), and aldehyde (10 mmol), were stirred at 18–20 °C for 72 h. The 
resulting precipitate was collected by filtration and washed with 
methanol.[30] 
Method F. A mixture of sodium acetate, methylamine hydrochloride, 
nitroethane and aldehyde in absolute ethanol was stirred for 5 h. The 
mixture was diluted with water and extracted with dichloromethane. The 
combined organic layers were washed with water and evaporated in 
vacuo. Finally the crude product was filtered over a short column of silica 
using hexane/EtOAc 7:3 as the eluent.[31] 
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(E)-2-(2-nitroprop-1-en-1-yl)thiophene (1a).[27] Method B. Yellow solid; 
95% yield. 1H NMR (300 MHz, CDCl3, 300 K), δ = 8.31 (s, 1H, Halkenyl), 
7.67 (d, J = 5.1 Hz, 1H, Hthioph), 7.45 (d, J = 3.6 Hz, 1H, Hthioph), 7.23 - 
7.18 (m, 1H, Hthioph), 2.57 ppm (s, 3H, CH3); 13C NMR (75 MHz, CDCl3, 
300 K) δ = 144.6 (C), 135.4 (C), 134.8 (CH), 131.8 (CH), 128.4 (CH), 127. 
(CH), 14.2 ppm (CH3); elemental analysis calcd (%) for C7H7NO2S: C 
49.69, H 4.17, N 8.28; found: C 49.43, H 4.13, N 8.22. 
(E)-2-(2-nitrobutenyl)thiophene (1b). Method B. Yellow oil; 69% yield. 
1H NMR (300 MHz, CDCl3, 300 K) δ = 8.25 (s, 1H, Halkenyl), 7.64 (d, J = 
5.1 Hz, 1H, Hthioph), 7.43 (d, J = 3.6 Hz, 1H, Hthioph), 7.19 (dd, J = 5.1, 3.6 
Hz, 1H, Hthioph), 3.04 (q, J = 7.4 Hz, 2H, CH2), 1.28 ppm (t, J = 7.4 Hz, 3H, 
CH3); 13C NMR (75 MHz, CDCl3, 300 K) δ = 150.3 (C), 135.3 (CH), 135.1 
(C), 132.1 (CH), 128.6 (CH), 127.0 (CH), 21.8 (CH2), 12.0 ppm (CH3); 
elemental analysis calcd (%) for C8H9NO2S: C 52.44, H 4.95, N 7.64; 
found C 52.73, H 5.10, N 7.44. 
(E)-2-(2-nitro-3-phenylpropenyl)thiophene (1c). Method B. Yellow oil; 
47% yield. 1H NMR (300 MHz, CDCl3, 300 K) δ = 8.51 (s, 1H, Halkenyl), 
7.62 (d, J = 5.1 Hz, 1H, Hthioph), 7.49 (d, J = 3.5 Hz, 1H, Hthioph), 7.38 – 
7.22 (m, 5H, Hphenyl), 7.19 (dd, J = 5.1, 3.5 Hz, 1H, Hthioph), 4.44 ppm (s, 
2H, CH2); 13C NMR (75 MHz, CDCl3, 300 K) δ = 147.1 (C), 135.8 (CH), 
135.7 (C), 134.9 (C), 132.4 (CH), 129.2 (CH), 129.0 (CH), 128.7 (CH), 
128.3 (CH), 127.4 (CH), 33.8 ppm (CH2); elemental analysis calcd (%) for 
C13H11NO2S: C 63.65, H 4.52, N 5.71; found C 64.02, H 4.72, N 5.60. 
(E)-2-(2-nitro-2-phenylvinyl)thiophene (1d).[32] Method E. Yellow solid; 
85 % yield. 1H NMR (300 MHz, CDCl3, 300 K) δ = 8.51 (s, 1H, Halkenyl), 
7.66 - 7.53 (m, 3H, Hphenyl), 7.43 - 7.40 (m, 2H, Hphenyl), 7.39 (d, J = 5.0 
Hz, 1H, Hthioph), 7.34 (d, J = 3.6 Hz, 1H, Hthioph), 7.05 ppm (dd, J = 5.0, 3.5 
Hz, 1H, Hthioph); 13C NMR (75 MHz, CDCl3, 300 K) δ = 146.8 (C), 136.2 
(CH), 135.3 (C), 133.3 (CH), 131.1 (CH), 130.7 (CH), 129.9 (C), 129.7 
(CH), 129.3 (CH), 127.7 ppm (CH); elemental analysis calcd (%) for 
C12H9NO2S: C 62.32, H 3.92, N 6.06; found: C 62.31, H 3.86, N 6.08. 
(E)-2-(2-nitrovinyl)thiophene (1e).[29] Method D. Yellow solid; 57% yield. 
1H NMR (300 MHz, CDCl3, 300 K) δ = 8.18 (d, J = 13.4 Hz, 1H, Halkenyl), 
7.58 (d, J = 5.0 Hz, 1H, Hthioph), 7.50 (d, J = 13.4 Hz, 1H, Halkenyl), 7.48 (d, 
J = 3.1 Hz, 1H, Hthioph), 7.21 - 7.13 ppm (m, 1H, H Thioph); 13C NMR (75 
MHz, CDCl3, 300 K) δ = 135.5 (C), 134.7 (CH), 133.9 (CH), 132.2 (CH), 
131.7 (CH), 129.0 ppm (CH); elemental analysis calcd (%) for 
C6H5NO2S: C 46.44, H 3.25, N 9.03; found: C 46.25, H 3.02, N 8.84. 
(E)-ethyl 2-nitro-3-(thiophenyl)acrylate (1f).[28] Method C. Yellow solid, 
58% yield. 1H NMR (400 MHz, CDCl3, 300 K), δ = 7.73 (s, 1H, Halkenyl), 
7.71 (d, J = 5.0 Hz, 1H, Hthioph), 7.49 ( d, J = 3.8 Hz, 1H, Hthioph), 7.18 (dd, 
J = 5.0, 3.9 Hz, 1H, Hthioph), 4.39 (q, J = 7.2 Hz, 2H, CH2 ), 1.40 ppm (t, J 
= 7.1 Hz, 3H, CH3 ). 13C NMR (100 MHz, CDCl3, 300 K) δ = 159.5 (C), 
135.7 (CH), 134.3 (CH), 131.8 (C), 128.5 (CH), 126.7 (CH), 62.9 (CH2), 
14.1 ppm (CH3); EI-MS (M = 227); elemental analysis calcd (%) for 
C9H9NO4S: C 47.57, H 3.99, N 6.16; found: C 47.17, H 4.06, N 6.30. 
(E)-2-methyl-5-(2-nitropropenyl)thiophene (1g).[33] Method A. Yellow 
solid; 72% yield. 1H NMR (300 MHz, CDCl3, 300 K) δ = 8.22 (s, 1H, 
Halkenyl), 7.26 (d, J = 3.3 Hz, 1H, Hthioph), 6.86 (d, J = 3.6 Hz, 1H, Hthioph), 
2.58 (s, 3H, CH3), 2.52 ppm (s, 3H, CH3); 13C NMR (75 MHz, CDCl3, 300 
K) δ = 148.2 (C), 143.4 (C), 136.1 (CH), 133.7 (C), 128.2 (CH), 127.2 
(CH), 16.2 (CH3), 14.6 ppm (CH3); elemental analysis calcd (%) for 
C8H9NO2S: C 52.44, H 4.95, N 7.64; found: C 52.54, H 4.90, N 7.56. 
(E)-2-methyl-5-(2-nitrobutenyl)thiophene (1h). Method A. Yellow solid; 
72% yield. 1H NMR (300 MHz, CDCl3, 300 K) δ = 8.15 (s, 1H, Halkenyl), 
7.24 (d, J = 3.6 Hz, 1H, Hthioph.), 6.84 (d, J = 3.6 Hz, 1H, Hthioph), 2.97 (q, J 
= 7.4 Hz, 2H, CH2), 2.56 (s, 3H, CH3), 1.24 ppm (t, J = 7.4 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3, 300 K) δ = 149.0 (C), 148.4 (C), 136.3 (CH), 
133.1 (C), 127.7 (CH), 127.2 (CH), 21.7 (CH2), 16.1 (CH3), 12.0 ppm 
(CH3); elemental analysis calcd (%) for C9H11NO2S: C 54.80, H 5.62, N 
7.10; found: C 54.72, H 5.63, N 7.09. 
(E)-2-bromo-5-(2-nitropropenyl)thiophene (1i).[27] Method A. Yellow 
solid; 66% yield. 1H NMR (400 MHz, CDCl3, 300 K) δ = 8.18 (s, 1H, 
Halkenyl), 7.20 (d, J = 4.0 Hz, 1H, Hthioph), 7.17 (d, J = 4.0 Hz, 1H, Hthioph), 
2.51 ppm (s, 3H, CH3); 13C NMR (100 MHz, CDCl3, 300 K) δ = 144.7 (C), 
136.8 (C), 135.0 (CH), 131.2 (CH), 126.7 (CH), 119.8 (C), 14.4 ppm 
(CH3); elemental analysis calcd (%) for C7H6BrNO2: C 33.89, H 2.44, N 
5.65; found: C 34.00, H 2.32, N 5.56. 
(E)-2-(2-nitrobutenyl)-5-(phenylethynyl)thiophene (1j). Method A. 
Yellow solid; 78% yield. 1H NMR (400 MHz, CDCl3, 300 K) δ = 8.19 (s, 
1H, Halkenyl), 7.65 - 7.51 (m, 2H, Hphenyl), 7.41 (s, 3H, Hphenyl), 7.33 (d, J = 
3.9 Hz, 1H, Hthioph), 7.31 (d, J = 3.9 Hz, 1H, Hthioph), 3.04 (q, J = 7.4 Hz, 
2H, CH2), 1.31 ppm (t, J = 7.4 Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3, 
300 K) δ = 150.4 (C), 135.5 (C), 135.1 (CH), 132.4 (CH), 131.6 (CH), 
129.9 (C), 129.2(CH), 128.5 (CH), 126.3 (CH), 122.1 (C), 97.3 (C), 81.9 
(C), 21.6 (CH2), 11.7 ppm (CH3); elemental analysis calcd (%) for 
C16H13NO2S: C 67.82, H 4.62, N 4.94; found: C 67.43, H 4.70; N, 4.86. 
(E)-2-(2-nitropropenyl)benzo[b]thiophene (1k).[34] Method A. Yellow 
solid; 82% yield; 1H NMR (400 MHz, CDCl3, 300 K) δ = 8.37 (s, 1H, 
Halkenyl), 7.88 (d, J = 7.5 Hz, 2H, Hphenyl), 7.68 (s, 1H, Hthioph), 7.46 (dd, J = 
7.5, 3.9 Hz, 2H, Hphenyl), 2.66 ppm (s, 3H, CH3); 13C NMR (100 MHz, 
CDCl3, 300 K) δ = 146.2 (C), 142.0 (C), 138.6 (C), 134.9 (CH), 132.1 (C), 
127.8 (CH), 126.7 (CH), 125.3 (CH), 124.8 (CH), 122.4 (CH), 14.3 ppm 
(CH3); elemental analysis calcd (%) for C11H9NO2S: C 60.26, H 4.14, N 
6.39; found: C 60.52, H 4.18, N 6.15. 
(E)-2-(2-nitrobutenyl)benzo[b]thiophene (1l). Method A. Yellow solid; 
78% yield. 1H NMR (400 MHz, CDCl3, 300 K) δ = 8.31 (s, 1H, Halkenyl), 
7.88 (d, J = 6.9 Hz, 2H, Hphenyl), 7.66 (s, 1H, Hthioph), 7.46 (t, J = 5.0 Hz, 
2H, Hphenyl), 3.12 (q, J = 7.4 Hz, 2H, CH2), 1.34 ppm (t, J = 7.4 Hz, 3H, 
CH3); 13C NMR (100 MHz, CDCl3, 300 K) δ = 151.7 (C), 142.0 (C), 138.5 
(C), 134.5 (C), 132.2 (CH), 127.2 (CH), 126.7 (CH), 125.3 (CH), 124.7 
(CH), 122.5 (CH), 21.6 (CH2), 12.3 ppm (CH3); elemental analysis calcd 
(%) for C12H11NO2S: C 61.78, H 4.75, N 6.00; found: C 61.77, H 4.64, N 
5.69. 
(E)-3-(2-nitropropenyl)thiophene (1m).[35] Method A. Yellow solid; 72% 
yield. 1H NMR (400 MHz, CDCl3, 300 K) δ = 8.09 (s, 1H, Halkenyl), 7.62 (d, 
J = 2.5 Hz, 1H, Hthioph), 7.46 (dd, J = 5.1, 2.9 Hz, 1H, Hthioph), 7.30 (d, J = 
5.1 Hz, 1H, Hthioph), 2.51 ppm (s, 3H, CH3); 13C NMR (100 MHz, CDCl3, 
300 K) δ = 146.4 (C), 133.8 (C), 129.9 (CH), 128.2 (CH), 127.6 (CH), 
127.0 (CH), 14.2 ppm (CH3); elemental analysis calcd (%) for C7H7NO2S: 
C 49.69, H 4.17, N 8.28; found: C 49.94, H 4.14, N 8.20. 
General procedure for the synthesis of α-substituted 
nitroalkenylthiophenes.  
Mg turnings (370 mg, 15.2 mmol) were placed in a Schlenk flask and 
heated under vacuum. After filling the flask with dinitrogen, THF (10 mL) 
and a small crystal of iodine were added. Then 2-bromothiophene (2.0 g, 
12.2 mmol) in THF (10 mL) was added dropwise to the mixture while 
stirring at such a rate as to avoid the boiling of the solvent. After the 
addition, the reaction mixture was stirred for a further 3h. The 
organomagnesium reagent was filtered on a frit to remove excess Mg 
and then added dropwise at RT to a solution of the nitrile (10.7 mmol) in 
THF (5 mL). The solution was then heated at 60 °C for 4 h. Completion of 
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the reaction was check by TLC. The reaction was quenched with MeOH 
(5 mL) and the solvent was evaporated in vacuo. The residue was taken 
up with anhydrous, degassed CH2Cl2 (30 mL) and filtered over a small 
pad of silica gel under dinitrogen. The solvent was evaporated and 
CH3NO2 (10 mL) was added. The mixture was refluxed for 8h. 
Nitromethane was evaporated under vacuum and the residue purified by 
column chromatography (silica gel, hexane/AcOEt = 95:5). 
2,2'-(2-nitroetheneyl)dithiophene (1n). Orange solid; 24% yield. 1H 
NMR (300 MHz, CDCl3) δ = 7.58 (d, J = 4.9 Hz, 1H, Hthioph), 7.53 (d, J = 
5.1 Hz, 1H, Hthioph), 7.51 (s, 1H, Halkenyl), 7.29 - 7.20 (m, 2H, Hthioph), 7.16 - 
7.06 ppm (m, 2H, Hthioph); 13C NMR (75 MHz, CDCl3) δ = 140.4 (C), 137.2 
(C), 134.6 (C), 132.5 (CH), 132.4 (CH), 131.5 (CH), 130.8 (CH), 129.7 
(CH), 128.6 (CH), 127.3 ppm (CH); elemental analysis calcd (%) for 
C10H7NO2S2: C 50.62, H 2.97, N 5.90; found: C 50.60, H 3.15, N 6.10. 
(E)-2-(2-nitro-1-phenylvinyl)thiophene (1o). Orange solid; 10% yield. 
1H NMR (400 MHz, CDCl3) δ = 7.62 (s, 1H, Halkenyl), 7.51 (dd, J = 5.0, 1.1 
Hz, 1H, Hthioph.), 7.49 - 7.44 (m, 3H, Hphenyl), 7.32 - 7.28 (m, 2H, Hphenyl), 
7.06 (dd, J = 5.0, 3.8 Hz, 1H, Hthioph.), 7.03 (dd, J = 3.8, 1.1 Hz, 1H, 
Hthioph.). 13C NMR (100 MHz, CDCl3) δ = 144.7 (C), 140.3 (C), 134.9 (C), 
132.6 (CH), 132.1 (CH), 130.7 (CH), 129.3 (CH), 128.6 (CH), 128.4 (CH), 
128.3 ppm (CH); elemental analysis calcd (%) for C12H9NO2S: C 62.32, H 
3.92, N 6.06; found: C 62.35, H 3.99, N 6.17. It was not possible to 
isolate the corresponding Z isomer from the reaction mixture. 
Typical Catalytic Reaction 
The catalyst, the ligand and the nitroalkene were weighed in the air in a 
glass liner and then placed inside a Schlenk tube with a wide mouth 
under a dinitrogen atmosphere. The solvent and triethylamine (Et3N) 
were added by volume and the liner was closed with a screw cap having 
a glass wool-filled open mouth that allows gaseous reagents to exchange. 
The resulting solution was stirred for 10 minutes and then the Schlenk 
tube was immersed in liquid nitrogen until the solvent froze and 
evacuated and filled with dinitrogen for three times. The liner was rapidly 
transferred to a 200 mL stainless steel autoclave equipped with magnetic 
stirring. The autoclave was then evacuated and filled with dinitrogen 
three times. CO was charged at room temperature at the required 
pressure and the autoclave was immersed in a preheated oil bath. The 
experimental conditions are reported in the captions to the tables in the 
text. At the end of the reaction, the autoclave was quickly cooled with an 
ice bath, and vented. Quantitative analyses of reaction mixtures in the 
optimization experiments (1a as substrate) were carried out by fast gas 
chromatography using naphthalene as the internal standard (1/4 by 
weight with respect to the initial substrate). The calibration curve was 
determined by using isolated 2a. The substrate scope was investigated 
by isolating the products by column chromatography (gradient elution 
from hexane to hexane/AcOEt 9:1 with the addition of 1% Et3N). 
Conversions, selectivities and yields are reported in the tables in the text. 
Characterization of thienopyrroles 
5-methyl-4H-thieno[3,2-b]pyrrole (2a).[36] Colorless solid; 1H NMR (300 
MHz, CDCl3, 300 K): δ = 7.96 (br s, 1H; exchangeable, NH), 7.00 (d, J = 
5.2 Hz, 1H, Hthioph), 6.90 (d, J = 5.2 Hz, 1H, Hthioph), 6.17 (s, 1H, Hpyrrole), 
2.43 ppm (s, 3H, CH3). 13C NMR (100 MHz, CDCl3, 300 K): δ = 138.3 (C), 
133.9 (C), 123.0 (C), 121.0 (CH), 112.0 (CH), 98.6 (CH), 14.2 ppm (CH3); 
elemental analysis calcd (%) for C7H7NS: C 61.28, H 5.14, N 10.21; 
found: C 60.91, H 5.07, N 9.96. 
5-ethyl-4H-thieno[3,2-b]pyrrole (2b). Colorless solid; 1H NMR (300 
MHz, CDCl3, 300 K): δ = 7.96 (br s, exchangeable, 1H, NH),  7.02 (d, J = 
5.2 Hz, 1H, Hthioph), 6.92 (dd, J = 5.2, 0.7 Hz, 1H, Hthioph), 6.22 (s, 1H, 
Hpyrrole), 2.78 (q, J = 7.6 Hz, 2H, CH2), 1.34 ppm (t, J = 7.6 Hz, 3H, CH3). 
13C NMR (75 MHz, CDCl3, 300 K) δ = 140.6 (C), 138.1 (C), 124.5 (C), 
122.2 (CH), 111.3 (CH), 98.3 (CH), 22.3 (CH2), 14.1 ppm (CH3); 
elemental analysis calcd (%) for C8H9NS: C 63.54, H 6.00, N 9.26; found: 
C 63.22, H 6.05, N 8.97. 
5-benzyl-4H-thieno[3,2-b]pyrrole (2c). Colorless solid; 1H NMR (300 
MHz, CDCl3, 300 K) δ = 7.85 (br s, exchangeable, 1H, NH), 7.40 - 7.25 
(m, 5H, Hphenyl), 7.02 (d, J = 5.2 Hz, 1H, Hthioph.), 6.87 (d, J = 5.2 Hz, 1H, 
Hthioph.), 6.30 (s, 1H, Hpyrrole), 4.11 ppm (s, 2H, CH2). 13C NMR (75 MHz, 
CDCl3, 300 K) δ = 139.3 (C), 138.6 (C), 136.8 (C), 129.2 (CH), 129.1 
(CH), 127.2 (CH), 124.7 (C), 122.7 (CH), 111.3 (CH), 100.4 (CH), 35.5 
ppm (CH2); elemental analysis calcd (%) for C13H11NS: C 73.20, H 5.20, 
N 6.57; found: C 73.21, H 4.93, N 6.48. 
5-phenyl-4H-thieno[3,2-b]pyrrole (2d).[37] Colorless solid; 1H NMR (300 
MHz, CDCl3, 300 K) δ = 8.45 (br s, exchangeable, 1H, NH), 7.62 – 7.51 
(m, 2H, Hphenyl), 7.43 (t, J = 7.7 Hz, 2H, Hphenyl), 7.34 – 7.27 (m, 1H, 
Hphenyl), 7.12 (d, J = 5.2 Hz, 1H, Hthioph.), 7.00 (d, J = 5.0 Hz, 1H, Hthioph), 
6.79 ppm (d, J = 1.4 Hz, 1H, Hpyrrole). 13C NMR (75 MHz, CDCl3, 300 K) δ 
= 139.8 (C), 137.9 (C), 133.4 (C), 129.6 (CH), 127.3 (CH), 126.1 (C), 
124.7 (CH), 124.3 (CH), 111.4 (CH), 99.5 ppm (CH); elemental analysis 
calcd (%) for C12H9NS: C 72.33, H 4.55, N 7.03; found: C 72.27, H 4.35, 
N 7.22. 
2,5-dimethyl-4H-thieno[3,2-b]pyrrole (2g). Colorless solid; 1H NMR 
(300 MHz, CDCl3, 300 K) δ = 7.78 (br s, exchangeable, 1H, NH),  6.59 (s, 
1H, Hthioph), 6.08 (s, 1H, Hpyrrole) 2.54 (s, 3H, CH3), 2.39 ppm (s, 3H, 
CH3).13C NMR (75 MHz, CDCl3, 300 K) δ = 137.1 (C), 136.9 (C), 131.8 
(C), 122.4 (C), 109.7 (CH), 99.7 (CH), 16.8 (CH3), 14.3 ppm (CH3); 
elemental analysis calcd (%) for C8H9NS: C 63.54, H  6.00, N 9.26; 
found: C 63.11, H 6.09, N 9.12. 
5-ethyl-2-methyl-4H-thieno[3,2-b]pyrrole (2h). Colorless oil; 1H NMR 
(300 MHz, CDCl3, 300 K) δ = 7.76 (br s, exchangeable, 1H, NH),  6.62 (s, 
1H, Hthioph), 6.17 (s, 1H, Hpyrrole), 2.75 (q, J = 7.6 Hz, 2H, CH2), 2.60 (s, 
3H, CH3), 1.35 ppm (t, J = 7.6 Hz, 3H, CH3).13C NMR (75 MHz, CDCl3, 
300 K) δ = 138.7 (C), 137.1 (C), 136.9 (C), 122.3 (C), 109.9 (CH), 98.1 
(CH), 22.1 (CH2), 16.9 (CH3), 14.2 ppm (CH3); elemental analysis calcd 
(%) for C9H11NS: C 65.41, H 6.71, N 8.48; found: C 65.97, H 7.02, N 8.23. 
5-bromo-4H-thieno[3,2-b]pyrrole (2i). Isolated under a dinitrogen 
atmosphere. Colorless oil; 1H NMR (400 MHz, C6D6, 300 K) δ = 7.82 (br 
s, exchangeable, 1H, NH), 6.81 (s, 1H, Hthioph), 5.96 (s, 1H, Hpyrrole), 2.27 
ppm (s, 3H, CH3); 13C NMR (100 MHz, C6D6, 300 K) δ = 114.6 (CH), 
107.8 (C), 99.6 (CH), 13.3 ppm (CH3). Three quaternary carbons were 
not detected or overlap with C6D6. Due to the low stability of the 
compound, it was not possible to obtain a reliable elemental analysis. 
5-ethyl-2-(phenylethynyl)-4H-thieno[3,2-b]pyrrole (2j). Pale yellow 
solid; 1H NMR (400 MHz, CDCl3, 300 K) δ = 7.99 (broad s, exchangeable, 
1H, NH), 7.54 (m, 2H, Hphenyl), 7.37 (m, 3H, Hphenyl), 7.11 (s, 1H, Hthioph.), 
6.17 (s, 1H, Hpyrrole), 2.77 (q, J = 7.6 Hz, 2H, CH2), 1.34 ppm (t, J = 7.6 
Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3, 300 K) δ = 142.5 (C), 136.1 
(C), 131.3 (CH), 128.5 (CH), 128.1 (CH), 126.2 (C), 123.6 (C), 118.6 (C), 
115.7 (CH), 98.3 (CH), 92.7 (C), 85.2 (C), 22.0 (CH2), 13.6 ppm (CH3). 
elemental analysis calcd (%) for C16H13NS: C 76.46, H 5.21, N 5.57; 
found C 76.26, H 5.49, N 5.42. 
2-methyl-1H[1]benzothieno[3,2-b]pyrrole (2k). Colorless solid; 1H 
NMR (400 MHz, CDCl3, 300 K) δ = 8.35 (br s, exchangeable,1H, NH), 
7.79 (d, J = 8.1 Hz, 1H, Hbenz.), 7.63 (d, J = 7.9 Hz, 1H, Hbenz), 7.33 (dd, J 
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= 7.9, 1.0 Hz, 1H, Hbenz), 7.21 (dd, J = 8.1, 1.1 Hz, 1H, Hbenz), 6.24 (s, 1H, 
Hpyrrole), 2.49 ppm (s, 3H, CH3); 13C NMR (100 MHz, CDCl3, 300 K) δ = 
141.3 (C), 133.7 (C), 131.2 (C), 127.0 (C), 124.1 (CH), 123.9 (CH), 123.2 
(C), 122.0 (CH), 117.4 (CH), 100.5 (CH), 14.2 ppm (CH3); elemental 
analysis calcd (%) for C11H9NS: C 70.55, H 4.84, N 7.48; found: C 70.27, 
H 5.13, N 7.69. 
2-ethyl-1H[1]benzothieno[3,2-b]pyrrole (2l). Colorless solid; 1H NMR 
(300 MHz, CDCl3, 300 K) δ = 8.38 (br s, exchangeable,1H, NH), 7.80 (d, 
J = 8.0 Hz, 1H, Hbenz), 7.64 (d, J = 7.9 Hz, 1H, Hbenz), 7.37-7.33 (m, 1H, 
Hbenz), 7.23 - 7.19 (m, 1H, Hbenz), 6.27 (s, 1H, Hpyrrole), 2.83 (q, J = 7.6 Hz, 
2H, CH2), 1.38 ppm (t, J = 7.6 Hz, 3H, CH3); 13C NMR (75 MHz, CDCl3, 
300 K) δ = 141.7 (C), 140.7 (C), 131.4 (C), 127.5 (C), 124.5 (CH), 124.3 
(CH), 123.4 (C), 122.4 (CH), 117.9 (CH), 99.4 (CH), 22.3 (CH2), 14.1 
ppm (CH3); elemental analysis calcd (%) for C12H11NS: C 71.60, H 5.51, 
N 6.96; found: C 71.32, H 5.48, N 6.59. 
5-methyl-6H-thieno[2,3-b]pyrrole (2m).[38] Colorless solid; 1H NMR (400 
MHz, CDCl3, 300 K) δ = 7.82 (br s, exchangeable, 1H, NH), 6.99 (d, J = 
5.2 Hz ,1H, Hthioph), 6.84 (d, J = 5.2 Hz, 1H, Hthioph) 6.19 (s, 1H, Hpyrrole), 
2.40 ppm (s, 3H, CH3); 13C NMR (100 MHz, CDCl3, 300 K) δ = 134.6 (C), 
132.0 (C), 131.3 (C), 117.4 (CH), 117.1 (CH), 99.4 (CH), 14.0 ppm (CH3); 
elemental analysis calcd (%) for C7H7NS: C 61.28, H 5.14, N 10.21; 
found: C 60.97, H 5.29, N 9.86. 
6-(thiophenyl)-4H-thieno[3,2-b]pyrrole (2n). Colorless solid; 1H NMR 
(400 MHz, CDCl3, 300 K) δ = 8.22 (br, NH), 7.25 (s, 1H, Hpyrrole), 7.20 (d, 
J = 4.0 Hz, 2H, Hthioph), 7.17 (d, J = 5.1 Hz, 1H, Hthioph), 7.09 (dd, J = 5.0, 
3.6 Hz, 1H, Hthioph), 6.97 ppm (d, J = 5.2 Hz, 1H, Hthioph); 13C NMR (100 
MHz, CDCl3, 300 K) δ 138.8 (C), 137.8 (C), 127.7 (CH), 124.7 (CH), 
122.0 (CH), 121.96 (C), 121.8 (CH), 119.3 (CH), 112.9 (CH), 111.5 ppm 
(CH); elemental analysis calcd (%) for C10H7NS2: C 58.50, H 3.44, N, 
6.82; found: C 58.44, H 3.57, N, 6.48. 
6-phenyl-4H-thieno[3,2-b]pyrrole (2o). Colorless solid; 1H NMR (400 
MHz, CDCl3, 300 K) δ = 8.34 (br s, exchangeable, 1H, NH), 7.66 (d, J = 
7.7 Hz, 2H, Hphenyl), 7.42 (t, J = 7.7 Hz, 2H, Hphenyl), 7.39 – 7.35 (m, 1H, 
Hpyrrole), 7.28 – 7.16 (m, 2H, Hthioph, Hphenyl), 7.01 ppm (d, J = 5.2 Hz, 1H, 
Hthioph); 13C NMR (100 MHz, CDCl3, 300 K) δ = 139.2 (C), 134.6 (C), 
129.0 (CH), 125.9 (CH), 125.1 (CH), 124.5 (CH), 121.8 (C), 119.3 (CH), 
118.3 (C), 111.4 ppm (CH); elemental analysis calcd (%) for C12H9NS: C 
72.33, H 4.55, N 7.03; found: C 71.97, H 4.65, N 6.89. 
3-(thiophenyl)-1H-indole. Colorless solid; 1H NMR (300 MHz, CDCl3) δ 
= 8.21 (br s, exchangeable, 1H, NH), 7.98 (d, J = 6.8 Hz, 1H), 7.38 (m, 
2H), 7.31 – 7.18 (m, 4H), 7.11 ppm (dd, J = 5.1, 3.5 Hz, 1H). 13C NMR 
(75 MHz, CDCl3) δ = 137.8 (C), 136.5 (C), 127.69, 125.6 (C), 122.8 (CH), 
122.7 (CH), 122.7 (CH), 122.0 (CH), 120.7 (CH), 120.1 (CH), 112.0 (C), 
111.5 ppm (CH); elemental analysis calcd (%) for C12H9NS: C 72.33, H 
4.55, N 7.03; found C 72.01, H 4.67, N 6.98. 
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